The purpose of this article is to examine the quality management of the secondary school science teachers in Korea. To improve the quality of teachers, it takes a coherent policy effort over the entire teaching career including pre-service teacher training, a quality control of teacher employment, and in-service teachers' professional development. The focus of this article is to explore ways to improve science teacher training and quality control, centering on the teacher employment test of secondary school teachers in Korea. In this context, the curriculum of the science teacher training colleges, which is based on the science teacher professional standards and knowledge base, and the specifics of the teacher employment test are examined. Science teacher education in Korea faces many challenges due to the inconsistency between the supply and demand of science teachers, the decrease in the number of students, the implementation of high school credit system, and so on. Based on the analysis results, ways to improve secondary science teacher education and quality control system are suggested Major suggestions include requirement of completion of basic subjects related to adjacent subjects in science subject areas to solve the out-of-field teaching, necessity of introducing multiple teacher certificates to cope with challenges of reduced class hours due to fewer students, and necessity of reinforcing practice-oriented education in teacher training process to bridge the gap between theory and practice for beginning teachers.
Introduction
The Republic of Korea 1 has been famous for its students' outstanding achievement of science and mathematics in international exams for the last two decades. According to the results, in particular, of the Trends in International Mathematics and Science Study (TIMSS) and the Programme for International Assessment (PISA), Korea has been one of the top performing countries in science and math (Mullis et al. 2016; OECD 2016) . High student achievement on international assessments in science and mathematics has been associated with excellence in teacher education and professional development (Ku et al. 2017; Sang et al. 2016) . That is, the quality of teachers is discussed as the most important factor in deciding teacher accountability and quality education in the light of student assessment results. According to in-depth analyses of the relationship between teacher quality and Korean students' performance on international tests like TIMSS and PISA, the higher the qualification level of science teachers and quality teacher readiness, the higher the student achievement (Chung et al. 2014; Kim et al. 2016; Yi et al. 2011) . With a high level of teacher readiness and the screening process with the teacher employment test in Korea helps prospective teachers develop essential knowledge and teaching skills (KICE 2016) . As a result, the greatest concern has been to identify and maintain competent teachers in all areas and grades in order to provide equal educational opportunities for all students (Allen 2003) . To improve the quality of teachers, it takes a coherent policy effort over the entire teaching career including pre-service teacher training programs, a quality control in teacher employment, teachers' professional development, and so on.
This study focuses on teacher quality management in Korea of the big picture of the whole teacher policy, from the training of science teachers to the selection and placement of teachers as well as the ongoing professional development of in-service teachers. In this context, therefore, before examining the teacher employment test, we will examine the composition of the teacher training curriculum based on the science teacher qualification criteria. This is because the teacher qualification standard, and the composition area of the teacher training curriculum are used as criteria for the secondary teacher employment test. In the selection and placement of teachers, including science teachers, the link between training, qualification, and appointment is important. Secondary science teacher training and education are affected by the revision of secondary school science curriculum. In particular, due to the recent expansion of the high school selective-based curriculum and the credit system, various policy pressures have been applied in secondary teacher education including science. In this context, we will suggest ways to improve teacher training and reeducation of secondary school science teachers.
Teacher preparation requirements and standards
In Korea, elementary schoolteachers are classroom teachers teaching all subject areas, and secondary schoolteachers are subject teachers teaching one's own specialized subject area such as general science for middle schools and physics for high schools.
Teacher preparation for secondary school teachers in Korea is offered by teachers colleges as well as by non-specializing institutions including teacher education programs and graduate schools of education (Kim 2005; Wang et al. 2016) . Secondary school science teachers are trained at the university's colleges of education (teachers colleges, hereafter), departments of education in general universities 2 , and graduate schools of education. The graduate schools of education, which are intended for the advanced training of in-service teachers, provide teaching certificate programs including sciences for those graduates of related natural sciences majors or career changers.
Even with diversity in the institutions and programs of teacher preparation, the educational curricula of teacher preparation for secondary school subject teachers are standardized due to the teacher employment test. Table 1 shows different types of training institutions of secondary school science teachers. Each institution or program has the freshmen quota of 10~30 students depending on each institution's capacity. Teacher training institutions for secondary school science teachers include 10 national or public teachers colleges and 9 private teachers colleges, as well as numerous graduate schools of education.
Secondary school science teachers' certification fields include integrated science (i.e., general science for middle school), physics, chemistry, biology, and earth science, which are consistent with secondary school science subject areas. Among the secondary science teachers in Korea, biology teachers are the most demanded. We, therefore, illustrated graduate schools of education that produce biology teachers. Graduate schools of education for secondary school biology teachers include 18 national/public, and 14 graduate schools for the year 2018.
In order to enter teachers colleges, applicants need to have educational attainment at least equivalent to that of a high school diploma. Since the economic crisis of the late 1990s in Korea, secondary as well as primary teaching jobs have become one of the most wanted occupations because of job stability, which resulted in top performers enter teachers colleges.
The Ministry of education encourages the applicants' aptitude for teaching and their personality be assessed in the entrance examination considering the uniqueness and the professionalism of the teaching profession. To meet the needs of the era of globalization and the information age, the curricula of teachers colleges have emphasized pedagogical content knowledge, information management ability including computer use, skills of counseling students, and so on (Hwang et al. 2014; Park 2013) .
Upon graduation, graduates of teacher training institutions are entitled to receive the teaching certificate, and there exists no graduation examination administered at national level. Certified science teachers get employed either the national/public or private schools. The Ministry of Education is responsible for the hiring of national/ public school teachers, and basic matters such as procedures and methods of the employment test are specified by law. However, superintendents of the 17 Metropolitan and Provincial Offices of Education are delegated by the Education Minster to exercise the authority to employ national/public school teachers (Educational Civil Servant Employment Act, Article number 3) (Kim 2005) . To be employed by national/public schools, a certified teacher must pass the teacher employment test administered by the 17 Metropolitan and Provincial Offices of Education.
Since the teacher employment test consists mainly of a paper-and-pencil test covering pedagogical and subject matter knowledge, critics often argue that it is of limited value in evaluating the prospective teachers' teaching skills or their aptitude for teaching . Meanwhile, in the case of private schools, the methods and procedures for teacher employment are determined by individual school foundations. According to regulations for private school teachers, acquisition of the teaching certificate follows the same regulation for the teachers of national/ public schools, but the matters pertaining to teacher employment is decided by individual schools.
Curricula for secondary school science teacher education
The current certification subjects of the secondary school science teacher along with related departments in teachers colleges are displayed in Table 2 .
Regarding the change of the subjects of science teacher qualifications, prior to 1997, there were four majors of science subjects, and general science courses were required to complete for every science teacher qualification.
Professional knowledge base of secondary school science teachers
The curriculum of the teacher training program is based on the knowledge base that constitutes the professionalism of teachers. Shulman's study (1987, 1988) was designed to identify the knowledge base that defines teachers as professions, that is, their own specialized knowledge base. Shulman (1987) proposes a variety of components of the teacher knowledge base, arguing that there is a series of knowledge bases for teaching Source: MOE (2017) that makes teachers professional. Since Shulman (1987) , various domains have been proposed to support the teacher's knowledge base, including science teaching (Choe et al. 2011 ).
-Science subject matter knowledge -General pedagogical knowledge -Science Curriculum knowledge -Science Pedagogical Content Knowledge (PCK) -Knowledge of science learners and their characteristics -Knowledge of the educational context -Knowledge of the goal, process, values, philosophy and historical foundation of education Of these teaching knowledge categories, Shulman (1987) emphasized the importance of pedagogical content knowledge (PCK). It defines a unique system of knowledge about teaching, which is knowledge about organizing and applying specific curriculum content and teaching methods to the learner's characteristics. In other words, it is a mixture of curriculum content and pedagogy, the teacher's understanding of how specific topics, problems, or issues are organized and presented, and translated and presented for lessons according to learners' various interests and abilities. PCK is, therefore, a category that separates the understandings of content experts and teachers.
Science teacher preparation curriculum
The curriculum of the teacher training program is a core element of the teacher training program as an intentional system of what knowledge teachers need to know, skills to be able to develop, and ways to develop them. However, due to the lack of consensus on the professional knowledge and skills of the teacher, i.e., the knowledge base of the teaching profession, the curriculum of teacher training programs differs from country to country (Kim 2005; Lee and Kwak 2017) . In Korea, the teacher training curriculum focuses on the qualifications and competencies of teachers, and this teacher training curriculum is linked to the teacher employment test in Korea. In other words, the curriculum of the teacher training program will be organized according to the Teacher Expertise Criteria, which is an agreed criterion on what basic qualifications and competencies teachers should have. There is, still, curricular variance among various teachers colleges. For example, the total credit hours for graduation vary from 140 to 150 depending on the institution provides secondary school science teacher certification along with general science certification as minor subject. The curriculum of the secondary school science teacher training program is guided by the Enforcement Regulation Number 12 of the Teacher Certification Authorization Act [Act No. 26710] , which specifies a certain number of subject matter and pedagogy courses, which acts as a minimum level of standardization to help maintain uniformity among various curricula of teachers colleges that produce secondary school science teachers. The curriculum of the secondary school science teacher training program consists of science subject matter, science pedagogical content knowledge (PCK), and pedagogy courses, and there has been much debate about the adequacy of the ratio of the number of credits in each component area. As a result of this controversy, which is a kind of zero-sum game, the total number of basic credits in the teacher training curriculum is gradually increasing (Hwang et al. 2014; Lee and Kwak 2017; Wang et al. 2016) .
Prospective teachers who satisfactorily meet the graduation requirements specified by the Teacher Certification Authorization Act receive a teaching certificate. The teaching certificate is conferred by the Minister of Education through an authorization procedure without examination (Wang et al. 2016) . It means that the certificates are conferred automatically upon graduation. They specify the school level for which the teacher is eligible to teach as well as major and minor subjects he or she is authorized to teach. Pre-service teachers can obtain teaching certificates without taking any exam if they have taken the required courses that follow the Teacher Certification Authorization Act (Act No. 26710) and its detailed regulations. The certificate can be attained by completing the specified number of teacher training courses in nationally approved teacher training institutions. The Ministry of Education, furthermore, regularly evaluates teacher education institutions based on certain criteria, and provides differential financial supports for each institution based on the evaluation results. Table 3 shows criteria for passing the no-test exam for science teacher candidates. The curriculum of teachers colleges is composed based on the criteria for passing the teacher qualification no-test exam. To obtain science teacher qualification through the no-test examination, students must earn credits through the formal curriculum of the teacher training program. The teacher training curriculum, including secondary science teachers, is divided into liberal arts, pedagogy, and major courses. Teachers colleges offer a four-year programs like general universities and the total credit hours required to acquire teaching certificate is normally 140, including over 50 credit hours of major courses and over 22 credit hours of general pedagogy courses, with small differences among colleges. Major areas consist of subject matter areas, as well as content specific pedagogy area, that is, science education courses or pedagogical content knowledge (PCK) areas. In a usual teachers colleges, students are required to take over 50 credit hours of major areas, with the average GPA of at least 75/100, to receive teaching certificate. Required courses in major areas include at least 12 credits (6 courses) or more of Basic Required Courses in subject matter areas, and at least 8 credits (3 courses) or more of science education courses.
Regarding pedagogy courses for secondary school science teaching certificates, candidates should acquire over 22 credit hours of pedagogy courses, with the average GPA of at least 80/100, to receive teaching certificate. Pedagogy courses consist of Teaching Theory, Teaching Literacy, and Teaching Practice courses. Teaching theory courses include Introduction to Education, History and Philosophy of Education, Curriculum, Educational Evaluation, Educational Psychology, etc. Teaching literacy courses include Education for Special Needs, Theories about Prevention of School Violence, and so on, which are designed to meet current social needs.
Science subject matter Table 4 shows the basic courses (fields) in each of the secondary science subjects listed in the current Teacher Qualifications Manual (MOE 2018).
Major issues raised in the science contents course of the science teacher training curriculum are as follows:
First, there is less distinction between science content subjects offered in teachers colleges, and those offered in the natural science colleges (e.g., physics, chemistry, life sciences, astronomy, etc.). In the curriculum of teachers colleges, science content is necessary for the development of professionalism of preservice teachers. Although it is important for preservice teachers to develop their knowledge of science subject field themselves, the subject matter knowledge that preservice teachers need should be premised on the application to secondary schools . Therefore, in constructing the science contents curriculum of teachers colleges, it is necessary to thoroughly examine whether the detailed subjects that make up the science contents are necessary for the secondary education field, and whether the contents are appropriate in view of the secondary school curriculum. In other words, considering the original purpose of the teachers colleges, the reflection and improvement of the contents and weight of scientific contents are required. Second, the field of science content should cover the main areas of secondary school science curriculum. In the curriculum of natural science colleges, the purpose of the course is to selectively take the specialized subjects. However, the teacher training curriculum of teachers colleges should organize a science subject system that comprehensively cover major contents of the subject rather than the specialized subject system. In addition, subjects in the science content field of teachers colleges need to be periodically reorganized to reflect the revision of the secondary school curriculum. For example, the newly introduced 'Integrated Science' in high school in the 2015 revised curriculum has led to the incorporation of science content subjects related to integrated science at the teachers colleges to provide comprehensive knowledge of the basic contents of the high school integrated science curriculum.
Third, it is necessary to secure a close connection between content knowledge and content specific pedagogy (i.e., science PCK). Science content knowledge is difficult to separate from content specific pedagogy, or science PCK. The ultimate goal of science content knowledge and science PCK is to strengthen the major expertise of the teacher. Secondary science teachers who require in-depth knowledge of their major field need practical skills to integrate science content knowledge and content-specific pedagogy (Choe et al. 2011) . It is, therefore, important to secure a link between science content and science education, such as giving specific examples of what science education knowledge and methodology is required when teaching specific science content.
Science pedagogical content knowledge
Science education, or science-specific pedagogy deals with the format and process of interaction between teachers and students with the science curriculum (Park 2013) . Courses in science education include Science Education, Science Textbook Research and Teaching, Scientific Logic and Essay, Science Curriculum, Science Teaching & Learning, and Science Assessment. The major issues raised in the science education course of the science teacher training curriculum are as follows:
First, the connection between science education and science contents should be secured. The science education courses in the teacher training course are to strengthen the content-specific teaching ability. There is an inseparable relationship between science content and science education courses of teachers colleges. It is, therefore, necessary to organize and operate science education courses with related science content in mind. Furthermore, by strengthening the linkage between science content and science education, it will be possible to secure the unique curriculum identity and expertise of teachers colleges .
Second, content-specific pedagogy should strengthen the connection with general pedagogy courses. General pedagogy deals with general education theory, while content-specific pedagogy or science education deals with science-specific education theory centering on science subject. Therefore, it is necessary to provide a curriculum by linking the two in order to cultivate in-depth professionalism of preservice teachers. For example, a science education course called science teaching method should be designed science-specific contents in connection with general teaching method to provide prospective teachers with science PCK.
In addition, the lack of linkage between science education subjects and secondary school science curriculum, and the lack of linkage between experiments and practice areas required at the secondary school level should be improved. (Kim et al. 2010; .
So far, we have examined the curriculum of science teacher training programs. The science teacher qualification criteria and the curriculum areas of the teacher training curriculum are again used as the criteria for the secondary teacher employment test.
Science teacher employment test
The teachers of national/public schools in Korea are selected via an open, competitive employment test, so called Teacher Employment Test (TET) administered by each Metropolitan and Provincial Office of Education since 1991 to eliminate the discrimination between national and private universities, Prior to 1991, graduates of national/ public teachers colleges were assigned to national/public secondary schools for compulsory service because they attended college with relatively cheaper tuition for scholarships than other colleges.
Since its first implementation in 1991, the secondary teacher employment test has undergone several changes, and since 2014, it has been changed to the current twostage test. Table 5 shows the current secondary teacher employment test system.
The TET for public schools consists of two stages. The first test is a written exam, and consists of test on pedagogy (20%) and the major areas (80%). Major areas consist of science content knowledge, and science PCK, which should cover the basic courses (fields) in each of the secondary science subjects listed in the Teacher Qualifications Manual. The second test consists of 'Writing teaching and learning plans', 'Class demonstration in front of examiners', 'In-depth interview about teaching aptitude', and The TET is very demanding and competitive, and for some science subject the competition rate is 20 to 1 for some Metropolitan and Provincial Offices of Education. The competition rate varies depending on districts, and teacher candidates prefer Metropolitan to rural areas.
Various problems and issues have been raised in relation to the secondary teacher employment test such as limitations in assessing the teacher candidate's teaching performance, TET-driven curriculum operation of teachers colleges, deterioration of preservice teachers' interest and devotion to college education, problems of quality level of paper-based examination, lack of linkage with the teacher training process, and so on (Seo et al. 2015; KICE 2016) .
Based on the results of diagnosing the characteristics and problems of Korean teacher policy, the OECD recommended that unit schools and communities need to be empowered to intervene in teacher selection in order to recruit teachers that meet the needs and characteristics of the school . Therefore, it is necessary to strengthen the cooperation and responsibility of the school and the community, from teacher training to recruitment, and to devise a plan to reflect the results of the teacher training process in the teacher recruitment.
Conclusions and implications
The quality of science teachers and science education are surrounded and determined by a complex ecosystem of education. In the light of student assessment results, teacher quality is the most important factor in determining teacher accountability and quality of education. As a result, the greatest concern has been to identify and maintain competent teachers in all areas and grades in order to provide equal educational opportunities for all students (Allen 2003) . In light of these policy demands, the main topic of teacher education is to cultivate, select, and retain talented people, from teacher training and teacher employment to teacher reeducation.
The focus of this article is to explore ways to improve science teacher training and quality control, focusing on the employment test of secondary school science teachers in Korea. In this context, the curriculum of the science teachers colleges, which is based on the science teacher professional standards and knowledge base, and the subjects of the teacher employment test are examined. Based on the findings, ways to improve secondary science teacher education in the context of linking secondary science teacher training, science teacher's professional knowledge base, and employment test are as follows:
Requirement of completion of basic subjects related to adjacent subjects in science subject areas
Since the Secondary Teachers' employment test has not selected candidates with Integrated Science qualifications since 2013, it is no longer possible to take the secondary Teacher Employment Test for those with Integrated Science certification at teachers colleges. Therefore, the number of students who take a double major in Integrated Science in teachers colleges has decreased, while a single major with a single subject certificate (physics, chemistry, biology, or earth science) has increased .
Particularly, secondary school science teachers who have received a single subject certificate (physics, chemistry, biology, or earth science) after 2000, have few expertise in other science fields other than their own major. In other words, because they did not take any other science courses other than their major in the teacher training course, they are limited in teaching high school Integrated Science as well as middle school Science subjects. In the case of the Integrated Science of the 2015 revised curriculum, the performance standards are organized around the core concepts that cross-cut the science subject areas, which requires science teachers' expertise in other science fields other than their major.
Science teachers who pass the employment test are randomly assigned to a middle school or a high school. That is, some science teachers who have passed the employment test in physics, chemistry, biology, or earth science majors have been assigned to middle schools after the new appointment, which results in out-of-field teaching for these middle school science teachers. For this reason, more out-of-field teaching occurs in middle school than high school science classes. Approximately 30% of the middle school teachers teaching science are out-of-field, while there are 16% at the high school level (Kim 2005) .
In order to solve this problem, science teachers should be trained with a single major along with general science minor as before 2000 (KICE 2016; Lee and Kwak 2017) . In this case, as in 2000, science teacher certification is issued in the form of integrated science / physics, integrated science / chemistry), integrated science / biology, integrated science / earth science. For example, in the case of physics teachers, they will receive their certifications in the form of integrated science / physics) after completing courses of 'General (Physics / Chemistry / Biology / Earth Sciences) and Experiment' as basic required courses to acquire teacher qualifications. This will solve the problem of teachers when they are appointed as middle school science teachers or when they teach high school integrated science after passing the employment test (KICE 2016; Lee and Kwak 2017) . Teachers who were assigned middle schools with a degree in a single discipline and a single subject certificate are called out-of-field or misaligned teachers and they have difficulty with teaching general science course (KICE 2016; Kwak et al. 2017) . Compared with teachers graduated with double majors, it is challenging for these outof-field teachers to teach general science in more integrative ways (Kwak and Shin 2018; Shin and Kwak 2019) . This problem also occurs when high school science teachers with a single subject certificate teach Integrated Science course in a high school Shin and Kwak 2019) . Since Integrated Science in the high school is organized by core concepts that crosscuts all science disciplines including physics, chemistry, biology, and earth science, these teachers with a single major were reluctant to teach convergent contents or contents other than one's own major (Kwak and Shin 2018; Shin and Kwak 2019) .
In addition, it is necessary to reorganize the teacher training curriculum to reflect the revision trend of the secondary school science curriculum . As integrated science or convergence science has been emphasized in the high school science curriculum in Korea, the curriculum as well as PCKs of the science teacher training programs should be revised to deal with integrated or converged trend of the secondary school science curriculum.
Necessity of introducing multiple teacher certificates
Science teacher education in Korea faces many challenges due to the inconsistency between the supply and demand of science teachers, the decrease in the number of students, the implementation of high school credit system, the activation of STEM or STEAM education and so on (Kim 2005; Kwak et al. 2017) .
Recent research on teacher demand and supply revealed there would be an oversupply of secondary as well as elementary teachers starting the year 2011 due to a decrease of student population caused by low fertility rates (Kim et al. 2006 ). According to the National Center for Educational Statistics, the school-age population per year, which was about 670,000 in 2014, will decrease to about 430,000 by 2023, 10 years later (KESS 2019). The demand for teachers, therefore, is expected to decrease as the school-age population decreases.
Another important reason why out-of-field teaching occurs can be found in the recent change in Korea's educational policy adopting a new national curriculum that emphasizes school autonomy and student choice, so called high school credit system. At some schools, some high school elective subjects have disappeared as 11th and 12th graders have chosen not to enroll in those courses. Since Korean law secures the employment status of public school teachers, so they cannot be dismissed, even when their subjects are no longer taught.
It is, therefore, to secure the flexibility of teacher placement through revitalization of multiple majors and minors to cope with the changed educational environment, such as strengthening the choice of subjects for high school students, increasing the number of small schools, decreasing the school age population, and developing integrated courses (Hwang et al. 2014; Kim et al. 2016) . In other words, plural majors and plural qualification systems for adjacent disciplines where teachers can teach various subjects should be revitalized.
Necessity of reinforcing practice-oriented education in teacher training process
Under current teacher employment circumstances in which new teachers are required to teach in the classroom immediately upon their employment without an induction period, novice teachers could not face the reality of classroom teaching with their lack of teaching practice offered during the teacher training. There should be measures to overcome the gap between theory and practice and resolve the lack of practical professionalism of novice teachers, such as providing intensive and high-quality teaching practicum to pre-service teachers, adoption of a probationary period, improving teacher preparation institution to the level equivalent to graduate school, etc. (Hwang et al. 2014; Kim 2005; Kim et al. 2016) .
In conclusion, it is important to remember that the link between teacher training, qualification, and employment is critical with the selection and placement of teachers, including science teachers. The selection of good science teachers is difficult to achieve by improving the teacher employment test alone, and should be organically linked to the teacher training and qualification stages. Teacher professionalism requires continuous growth, not one-time cultivation, so it needs to be approached in light of lifelong education. The teacher professionalism is not equipped with all of them with the graduating from the teacher training program, but through the practice and learning at school. In particular, the pedagogical content knowledge or content-specific pedagogy is an area to be developed throughout the teaching career.
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